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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

1. (Currently amended) An ignition apparatus having a spark plug comprising: 
a mounting bracke t capab l e of bQlna to be mounted to an internal combustion 

engine; 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a cylindrical form and exposedly extending from one end of the mounting 
bracket; and 

an earth electrode having one end coupled with the one end of the mounting 
bracket and the other end on which one surface is formed to face to the one end of the 
center electrode, the one surface having a cylindrical protrusion being secured thereon 
and extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrod e SGrvina and formed to serve as a discharge gap, both 
of the one end of the center electrode and the protrusion of the earth electrode being 
2.3 mm or less in diomotcr. and diameter to keep an amount of ignition energy 
supplied to required by the spark plug be i ng l GDS.than_ below 17 mJ. 

2. (Currently amended) An ignition apparatus having a spark plug comprising: 
a mounting bracke t capable of boino to be mounted to an internal combustion 

engine; 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a cylindrical form and exposedly extending from one end of the mounting 
bracket; and 

an earth electrode having one end coupled with the one end of the mounting 
bracket and the other end on which one surface is formed to face to the one end of the 
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center electrode, the one surface having a cylindrical protrusion being secured thereon 
and extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrod e scrvina and formed to serve as a discharge gap, both 
of the one end of the center electrode and the protrusion of the earth electrode being 
2.3 mm or less in diameter, and a density of ignition energy supplied to rcQuircd bv the 
spark plug being less than 32 W. 

Claims 3-7. (Canceled). 

8. (Currently amended) An ignition apparatus comprising: 
the_a sparl< plug comprising: 

a mounting bracl<e t capable of bcingj tobe mounted to an internal 
combustion engine; 

a center electrode insulatedly-supported by the mounting bracket, one 
end of which being a cylindrical form and exposedly extending from one end of the 
mounting bracket; and 

an earth electrode having one end coupled with the one end of the 
mounting bracket and the other end on which one surface is formed to face to the one 
end of the center electrode, the one surface having a cylindrical protrusion being 
secured thereon and extending toward the center electrode so as to face the one end 
of the center electrode, a spacing formed between the one end of the center electrode 
and the protrusion of the earth electrod o Gerving and formed to serve as a discharge 
gap, both of the one end of the center electrode and the protrusion of the earth 
electrode being 2.3 mm or less in diameter, and the discharge gap being 0.7 mm or 
less in length; and 

an ignition power supply for applying voltage to the center electrode and the 
earth electrod e so that the voltage is applied across the discharge gap, an amount of 
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ionition energy supplied from the ignition power suppIv to the soark plug being lower 

than 17 mJ . 

9. (Currently amended) An ignition apparatus comprising: 
the ionition a spark plug comprising: 

a mounting bracke t copab l o of bo i no to be mounted to an internal 
combustion engine; 

a center electrode insulatedly-supported by the mounting bracket, one 
end of which being a cylindrical form and exposedly extending from one end of the 
mounting bracket; and 

an earth electrode having one end coupled with the one end of the 
mounting bracket and the other end on which one surface is formed to face to the one 
end of the center electrode, the one surface having a cylindrical protrusion being 
secured thereon and extending toward the center electrode so as to face the one end 
of the center electrode, a spacing formed between the one end of the center electrode 
and the protrusion of the earth electrod e sorvino and formed to serve as a discharge 
gap, both of the one end of the center electrode and the protrusion of the earth 
electrode being 2.3 mm or less in diameter, and the discharge gap being 0.7 mm or 
less in length; and 

an ignition power supply having an ignition coil for applying voltage to the center 
electrode and the earth electrode so that the voltage is applied across the discharge 
gag, the ignition coil being 22 mm or less in coil diamete r and an amount of ignition 
energy supplied from the ionition power suppIv to the spark plug beino lower than 17 
mJ . 

10. (Currently amended) An ignition apparatus comprising: 
a spark plug having: 

a mounting bracke t capab l e of being to be mounted to an internal combustion 
engine, 
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a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a cyiindrlcal form and exposedly extending from one end of the mounting 
bracl<et, and 

an earth electrode having one end coupled with the one end of the mounting 
bracl<et and the other end on which one surface is formed to face to the one end of the 
center electrode, the one surface having a cylindrical protrusion being secured thereon 
and extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrod e Gcn/ i na and formed to serve as a discharge gap, both 
of the one end of the center electrode and the protrusion of the earth electrode being 
2.3 mm or less in diameter, and the protrusion being made of one selected from a 
group consisting of a platinum-based alloy and an iridium-based alloy; and 

an ignition power supply for applying voltage to the center electrode and the 
earth electrod e so that the voltage is apolied across the discharge gap, a positive 
potential of the voltage being applied to the center electrode by the ignition power 
supply when a discharge starts in the discharge gap, and an amount of ionition energy 
supplied from the ignition power suppIv to the spark pluo being lower than 17 mJ . 

11. (Previously presented) The ignition apparatus of claim 1, wherein both of 
the one end of the center electrode and the protrusion of the earth electrode are 1.1 
mm or less in diameter. 

12. (Currently amended) An ignition apparatus having a spark plug comprising: 
a mounting bracke t capable of being to be mounted to an internal combustion 

engine; 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a pillar-like form and exposedly extending from one end of the mounting 
bracket; and 
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an earth electrode having one end coupled with the one end of the mounting 
bracket and the other end on which one surface is formed to face to the one end of the 
center electrode, the one surface having a pillar-like protrusion being secured thereon 
and extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrod e scrv i na and formed to serve a s a discharge gap, both 
of the one end of the center electrode and the protrusion of the earth electrode being a 
sectional area of 4.2 mm^ or less at all positions each perpendicularly crossing an axial 
direction of each of the one end and the protrusionr-afl d to keep an amount of ignition 
energ y supplied to rcQuircd bv the spark plug being l oos than below 17 mJ. 

13. (Currently amended) An ignition apparatus having a spark plug comprising: 
a mounting bracke t cppablQ of being to be mounted to an internal combustion 
engine; 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a pillar-like form and exposedly extending from one end of the mounting 
bracket; and 

an earth electrode having one end coupled with the one end of the mounting 
bracket and the other end on which one surface is formed to face to the one end of the 
center electrode, the one surface having a plllar-like protrusion being secured thereon 
and extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrod e sGrvino and formed to serve as a discharge gap, both 
of the one end of the center electrode and the protrusion of the earth electrode being a 
sectional area of 4.2 mm^ or less at all positions each perpendicularly crossing an axial 
direction of each of the one end and the protrusion, and a density of ignition energy 
rcauirGd b v supplied to the spark plug being less than 32 W. 

Claims 14-18. (Canceled). 
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19. (Currently amended) An ignition apparatus comprising: 

spark plug comprising: 

a mounting bracke t capable of boina to be mounted to an internal combustion 
engine; a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a pillar-like form and exposedly extending from one end of the mounting 
bracket; and an earth electrode having one end coupled with the one end of the 
mounting bracket and the other end on which one surface is formed to face to the one 
end of the center electrode, the one surface having a pillar-like protrusion being 
secured thereon and extending toward the center electrode so as to face the one end 
of the center electrode, a spacing formed between the one end of the center electrode 
and the protrusion of the earth electrod e gcrvinQ and formed to serve as a discharge 
gap, both of the one end of the center electrode and the protrusion of the earth 
electrode being a sectional area of 4.2 mm^ or less at all positions each perpendicularly 
crossing an axial direction of each of the one end and the protrusion, and the discharge 
gap being 0.7 mm or less in length; and 

an ignition power supply for applying voltage to the center electrode and the 
earth electrode so that the voltage is aoplied across the discharge oao. an amount of 
ignition enerov supolied from the ignition oower supdIv to the spark plug being lower 
than 17 mJ . 

20. (Currently amended) An ignition apparatus comprising: 
the ignition a spark plug comprisingi 

a mounting bracke t capab l e of being to be mounted to an internal combustion 
engine; 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a pillar-like form and exposedly extending from one end of the mounting 
bracket; and 
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an earth electrode having one end coupled with the one end of the mounting 
bracket and the other end on which one surface is formed to face to the one end of the 
center electrode, the one surface having a pillar-like protrusion being secured thereon 
and extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrod e sorvina and formed to serve as a discharge gap, both 
of the one end of the center electrode and the protrusion of the earth electrode being a 
sectional area of 4.2 mm^ or less at all positions each perpendicularly crossing an axial 
direction of each of the one end and the protrusion, and the discharge gap being 0.7 
mm or less in length; and 

an ignition power supply having an ignition coll for applying voltage to the center 
electrode and the earth electrode so that the voltage Is applied across the discharge 
gap, the ignition coil being 22 mm or less in coil diamete r and an amount of ignition 
energy suoolied from the ignition power suddIv to the spark plug being lower than 17 
mJ . 

21. (Currently amended) An ignition apparatus comprising: 
a spark plug having: 

a mounting bracke t capable of being to be mounted to an internal combustion 
engine, 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a pillar-like form and exposedly extending from one end of the mounting 
bracket, and 

an earth electrode having one end coupled with the one end of the mounting 
bracket and the other end on which one surface is formed to face to the one end of the 
center electrode, the one surface having a pillar-like protrusion being secured thereon 
and extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrod e Gcrvino and formed to serve as a discharge gap, both 
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of the one end of the center electrode and the protrusion of the earth electrode being a 
sectional area of 4.2 mm^ or less at all positions each perpendicularly crossing an axial 
direction of each of the one end and the protrusion, and the protrusion being made of 
one selected from a group consisting of a platinum-based alloy and an iridium-based 
alloy; and 

an ignition power supply for applying voltage to the center electrode and the 
earth electrode so that the voltage is applied across the discharge gap, a positive 
potential of the voltage being applied to the center electrode by the ignition power 
supply when a discharge start s in the discharge gap, and an amount of ignition enerav 
supplied from the ignition power to the spark plug being lower than 17 mJ . 

22. (Previously presented) The ignition apparatus of claim 12, wherein both of 
the one end of the center electrode and the protrusion of the earth electrode are a 
sectional area of 1 mm^ or less at all positions each perpendicularly crossing an axial 
direction of each of the one end and the protrusion. 

23. (Previously presented) An ignition apparatus having a spark plug 
comprising: 

a mounting bracket capable of being mounted to an internal combustion engine; 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a cylindrical form and exposedly extending from one end of the mounting 
bracket; and 

an earth electrode having one end coupled with the one end of the mounting 
bracket and the other end on which one surface is formed to face to the one end of the 
center electrode, the one surface having a cylindrical protrusion being secured thereon 
and extending toward the center electrode so as to face the one end of the center 
electrode, wherein an ignition energy E mJ is applied to the spark plug so that an 
ignition occurs between the center and earth electrodes, a diameter D of the protrusion 
is 2.3 mm or less, and relationships of 
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0.3 mm g L ^ 0.016E^ - 0.56E + 5.2 mm 
in which 8.5 mJ ^ E ^.17 mJ 

are realized between a length L of the protrusion and the ignition energy E mJ. 

24. (Previously presented) The ignition apparatus of claim 23, wherein both of 
the one end of the center electrode and the protrusion of earth electrode are 4.2 mm^ 
or less in sectional area and a density of the ignition energy is 32 W or less. 

25. (Previously presented) The ignition apparatus of claim 23, wherein both of 
a diameter Dl of the one end of the center electrode and a diameter D2 of the 
protrusion of earth electrode are 2.3 mm or less and a relationship of 

1.502^+0.102+8 mJ ^ E< 0.3401^+0.201+16.4 mJ 

between the ignition energy E mJ and the diameters 01 and 02 is realized. 

26. (Previously presented) The ignition apparatus of claim 23, wherein both of 
a diameter 01 of the one end of the center electrode and a diameter 02 of the 
protrusion of the earth electrode are 2.3 mm or less and a relationship of 

302^+0.202+16 W ^ Q<0.68Ol2+0.4Ol+32.8 W 

between the density of the ignition energy Q W and the diameters 01 and 02 is 
realized. 

27. (Previously presented) The ignition apparatus of claim 24, wherein both of 
a diameter 01 of the one end of the center electrode and a diameter 02 of the 
protrusion of the earth electrode are 2.3 mm or less and a discharge formed between 
the one end and the protrusion is 0.7 mm or less in distance. 

28. (Previously presented) The ignition of claim 25, wherein the mounting 
bracket has an outer circumferential surface therearound on which a threaded part to 
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be thread-coupled with the internal combustion engine Is formed, a thread diameter of 
the threaded part being M12 or less. 

29. (Previously presented) The ignition apparatus of claim 28, wherein the 
protruding length L of the protrusion on the earth electrode is 1.5 mm or less. 

30. (Previously presented) The ignition apparatus of claim 29, wherein the 
protruding length L is 0.8 mm or less. 

31. (Previously presented) The ignition apparatus of claim 27, wherein both of 
the one end of the center electrode and the protrusion of the earth electrode are 1 mm^ 
or less in a sectional area. 

32. (Previously presented) An ignition apparatus comprising: the ignition plug 
of claim 27; and an ignition power supply having an ignition coil for applying voltage to 
the center electrode and the earth electrode, the ignition coil being 22 mm or less in 
coil diameter. 

33. (Currently amended) An ignition apparatus comprising: 
a sparl< plug having: 

a mounting bracket capable of bclngj obe mounted to an internal combustion 
engine, 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a cylindrical form and exposedly extending from one end of the mounting 
bracket, and 

an earth electrode having one end coupled with the one end of the mounting 
bracket and the other end on which one surface is formed to face to the one end of the 
center electrode, the one surface having a cylindrical protrusion being secured thereon 



-11- 



990754 



MIWA et al 

Appl. No. 10/073,255 

September 8, 2005 

and extending toward the center electrode so as to face the one end of the center 
electrode; and 

an ignition power supply for applying voltage to the center electrode and the 
earth electrod e so that the voltage is applied across the discharge gap, positive electric 
charges being applied to the center electrode by the ignition power supply when 
starting an ignition is started in the spark plug and an amount of ignition energy 
supplied from the ignition power suppIv to the spark plug being lower than 17 mJ. 

wherein both of the one end of the center electrode and the protrusion of the 
earth electrode is 2.3 mm in diameter. 

34. (Previously presented) The ignition apparatus of claim 23, wherein both of 
the one end of the center electrode and the protrusion of the earth electrode are 1 mm^ 
or less in a sectional area. 

35. (Previously presented) The ignition apparatus of claim 23, wherein the 
protrusion of the earth electrode is made of an alloy of which main composition is Pt 
and to which at least one component selected from the group consisting of Ir, Ni, Rh, 
W, Pd, Ru and Os is added. 

36. (Previously presented) The ignition apparatus of claim 23, wherein the 
protrusion of the earth electrode is made of an alloy of which main composition is Pt 
and to which at least one component selected from the group consisting of 0 to 50 wt% 
of Ir, 0 to 40 wt% of Ni, 0 to 50 wt% of Rh, 0 to 30 wt% of W, 0 to 40 wt% of Pd, 0 to 
30 wt% of Ru, and 0 to 20 wt% of Os is added. 

37. (Previously presented) The ignition apparatus of claim 23, wherein the 
protrusion of the earth electrode is made of an alloy of which main composition is Ir 
and to which at least one component selected from the group consisting of Rh, Pt, Ni, 
W, Pd, Ru and Os is added. 
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38. (Previously presented) The ignition apparatus of claim 23, wherein the 
protrusion of the earth electrode is made of an alloy of which main composition is Ir 
and to which at least one component selected from the group consisting of 0 to 50 wt% 
of Rh, 0 to 50 wt% of Pt, 0 to 40 wt% of Ni, 0 to 30 wt% of W, 0 to 40 wt% of Pd, 0 to 
30 wt% of Ru, and 0 to 20 wt% of Os is added. 

39. (New) An ignition apparatus for an internal combustion engine, comprising: 
a spark plug mounted to the internal combustion engine; and 

an ignition coil for supplying less than 17 mJ of Ignition energy to the spark plug 
to cause an ignition in the spark plug. 

40. (New) The ignition apparatus of claim 39, wherein the ignition coil is 22 mm 
or less In coil diameter. 

41. (New) The ignition apparatus of claim 40, wherein the spark plug 
comprises: 

a mounting bracket to be mounted to the internal combustion engine; 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a cylindrical form and extending so as to be exposed from one end of the 
mounting bracket; and 

an earth electrode having one end coupled with the one end of the mounting 
bracket and having another end including a surface formed to face the one end of the 
center electrode, said surface having a cylindrical protrusion secured thereon and 
extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrode being formed to serve as a discharge gap, both the 
one end of the center electrode and the protrusion of the earth electrode being 2.3 mm 
or less In diameter, and the discharge gap being 0.7 mm or less in length. 
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42. (New) The ignition apparatus of claim 40, wherein the spark plug 
comprises: 

a mounting bracket to be mounted to an internal combustion engine; 

a center electrode insulatedly-supported by the mounting bracket, one end of 
which being a pillar-like form and extending so as to be exposed from one end of the 
mounting bracket; and 

an earth electrode having one end coupled with the one end of the mounting 
bracket and having another end including one surface formed to face to the one end of 
the center electrode, the one surface having a pillar-like protrusion secured thereon and 
extending toward the center electrode so as to face the one end of the center 
electrode, a spacing formed between the one end of the center electrode and the 
protrusion of the earth electrode being formed to serve as a discharge gap, both of the 
one end of the center electrode and the protrusion of the earth electrode having a 
sectional area of 4.2 mm^ or less at all positions perpendicularly crossing an axial 
direction of each of the one end and the protrusion, and the discharge gap being 0.7 
mm or less in length. 
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